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Transmission of zoonotic pathogens between animals and 
humans is well documented, occurring through direct routes, 
such as contact or consumption of meat products, or indirect 
routes via an intermediate vector such as an arthropod [1,2]. 
Wild animals also play a role in the transmission of zoonosis 
as intermediators, reservoirs, amplifiers, or final hosts for 
pathogens. Because it is hard to recognize specific clinical 
symptoms or representative signs of zoonosis in wild animals, 
continuous surveys of the prevalence of zoonotic pathogens in 
wild animals are important from the perspectives of public 
health, to serve as a warning and to establish prevention strate-
gies for the outbreak of critical zoonotic diseases [3]. In this re-
gard, among various types of zoonotic pathogens, focusing on 
parasitic infections in the wild animal population is particu-
larly important, because parasites tend to have longer periods 
of infection establishment with more complex transmission 

routes compared to those of bacteria and viruses [4]. 
Toxoplasma gondii, Babesia microti, Dirofilaria immitis, Dirofi

laria repens, and Cryptosporidium are well known as representa-
tive zoonotic parasites [5]. Previous studies of zoonotic para-
sitoses in wild animals in the Republic of Korea ( = Korea) 
have reported the prevalence of T. gondii and Trichinella in wild 
boars, B. microti-like parasites in wild raccoon dogs [6,7]. Toxo-
plasmosis is a zoonotic disease caused by the protozoan para-
site T. gondii [8], and babesiosis, a well-known disease of do-
mestic animals caused by Babesia spp., has attracted increased 
attention as an emerging zoonotic disease [9]. The prevalence 
of T. gondii infection in wild boars in Korea was found to be 
relatively high compared to that reported in Japan, Austria, 
and Germany [10]. B. microti infections were detected in rac-
coon dogs and small wild mammals in Korea [6,11,12]. Al-
though the consumption of undercooked meat may expose 
humans to a high risk of T. gondii infection [13], tick vectors 
are essential for the transmission of B. microti, thereby requir-
ing implementation of efficient vector control strategies [14]. 
In particular, several wild animals, such as raccoons, foxes, and 
deer, are important for the maintenance of these ticks [15].

However, surveillance of pathogen infections in wild animals 
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Abstract: Infections of Toxoplasma gondii and Babesia microti are reported in many wild animals worldwide, but informa-
tion on their incidence and molecular detection in Korean wild fields is limited. In this study, the prevalence of T. gondii 
and B. microti infection in blood samples of 5 animal species (37 Chinese water deer, 23 raccoon dogs, 6 roe deer, 1 wild 
boar, and 3 Eurasian badgers) was examined during 2008-2009 in Gangwon-do (Province), the Republic of Korea (=Ko-
rea) by using serological and molecular tests. The overall seropositivity of T. gondii was 8.6% (6/70); 10.8% in Chinese 
water deer, 4.3% in raccoon dogs, and 16.7% in roe deer. PCR revealed only 1 case of T. gondii infection in Chinese wa-
ter deer, and phylogenic analysis showed that the positive isolate was practically identical to the highly pathogenetic 
strain type I. In B. microti PCR, the positive rate was 5.7% (4/70), including 2 Chinese water deer and 2 Eurasian badgers. 
Phylogenetic analysis results of 18S rRNA and the β-tubulin gene showed that all positive isolates were US-type B. mi-
croti. To our knowledge, this is the first report of B. microti detected in Chinese water deer and Eurasian badger from Ko-
rea. These results indicate a potentially high prevalence of T. gondii and B. microti in wild animals of Gangwon-do, Korea. 
Furthermore, Chinese water deer might act as a reservoir for parasite infections of domestic animals.
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has thus far been very limited in Korea. Therefore, the aim of 
the present survey was to investigate the prevalence of T. gondii 
and B. microti among wild animals in Gangwon-do (Province), 
via evaluation of blood samples provided by the Gangwon 
branch of the Korea Wildlife Rescue and Management Associa-
tion in 2008-2009, as a representative mountainous region in 
Korea. The results of this study will prove to be valuable for 
evaluating the risk of exposure to these parasites from wild ani-
mals to humans and other animals in Korea.

Total 70 blood samples of 5 animal species (37 Chinese wa-
ter deer, 23 raccoon dogs, 6 roe deer, 1 wild boar, and 3 Eur-
asian badgers) were collected from the jugular vein of each an-
imal in Gangwon-do (Fig. 1). Sera were separated by centrifu-
gation at 2,000 g for 5 min. Genomic DNA was also extracted 
from blood samples using a DNeasy tissue kit (Qiagen, 
Hilden, Germany) according to the manufacturer instructions. 
Genomic DNA was resolved in 100 μL Tris-EDTA buffer and 
stored at -20˚C until used. T. gondii was detected by PCR target-
ing the GRA5 and GRA6 gene according to a previously de-
scribed method [16,17]. B. microti was detected using nested 
PCR targeting the 18S rRNA and ß-tubulin genes as previously 
described [11]. Amplified products were size-fractionated by 
electrophoresis on agarose gels containing SafePinky DNA gel 
staining solution (GenDEPOT, Katy, Texas, USA). The PCR 
products were then purified using an agarose gel DNA purifi-
cation kit (Qiagen). TA cloning was performed using the 

TOPO TA cloning kit with isolated PCR products for sequenc-
ing (Invitrogen, Carlsbad, California, USA). These samples 
were sequenced using an ABI PRISM 3730xl Analyzer (Applied 
Biosystems, Foster City, California, USA). In addition, antibod-
ies against T. gondii were detected using a commercial toxo-
plasmosis multi-species ELISA kit (ID Vet, Montpellier, France). 
All procedures were carried out according to the manufactur-
er’s instructions. The samples were tested twice for the most 
part, and any samples showing inconsistent results were exam-
ined once more. The reference sequences of GRA6 of T. gondii 
strains and of 18S rRNA and ß-tubulin for B. microti strains 
were obtained from GenBank [17,18]. Sequence alignment 
was performed using CLUSTAL W (Multiple sequence align-
ment computer programs Histon, Cambridgeshire, UK). Phy-
logenetic trees were constructed using the neighbor-joining 
method [19] with maximum composite likelihood distance 
correction in the molecular evolutionary genetics analysis 
(MEGA6) program [20]; the robustness of groupings was as-
sessed using 1,000 bootstrap replicates [21].

Six out of 70 serum samples examined in wild animals were 
positive for T. gondii antibodies, with the highest positive rate 
observed in roe deer (16.7%, 1/6), despite the small sample 
number, followed by Chinese water deer (10.8%, 4/37), and 
raccoon dog (4.3%, 1/23) in ELISA (Table 1). Only 1 sample 
of the positives for T. gondii antibodies was positive for GRA5 
and GRA6 genes in PCR which was from a Chinese water deer 

Fig. 1. Location surveyed for Toxoplasma gondii and Babesia microti infections in Gangwon-do (Province), Korea.
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(2.7%, 1/37). The analysis of sequence polymorphism about 
GRA6 showed the highest identities with the GT1, VEL, and 
RH (Type I) strains in the phylogenic analysis (Fig. 2). This re-
sult revealed that the T. gondii isolate detected in Chinese water 
deer belonged to a high-virulence type (type I). 

The population structure of T. gondii in Europe and North 
America consists of 3 different clonal lineages known as types 
I, II, and III [22]. The type I has been detected in wild boars 
and foxes, which is a significant finding, because this genotype 
is not frequently reported in animals in Europe [23,24]. This 
finding is similar to previous reports showing that the T. gondii 
antigen detected from small mammals captured in Gyeonggi-
do and Gangwon-do of Korea belonged to the clonal type I 
group [12]. Moreover, the possible overlap between the wild 
and domestic cycles of T. gondii could have implications for 
the possible infection of farm animals and humans. Although 
specific transmission routes could not be identified in the 
present survey, stray cats may be presumed to be one of the 
main sources of T. gondii transmission. Most of the recent in-
vestigations of T. gondii have focused on humans or domestic 

animals [25-27]. The increasing urbanization of Korea has re-
sulted in more interactions between humans and wild ani-
mals, including raccoons, wild boars, and Chinese water deer, 
which can survive well in close contact with humans. Further-
more, a recent review summarized the worldwide prevalence 
of T. gondii infection in wild pigs and deer [28], and human 
infections have been shown to be related to the consumption 
of the meat of wild animals [13,29]. Recently, consumption of 
raw pork was also identified as a critical dietary risk factor con-
tributing to the seropositivity of T. gondii infection [27]. In ad-
dition, the seropositivity of T. gondii infection among veteri-
narians in a public professional activities group was signifi-
cantly related to contact with animals infected with zoonotic 
pathogens [27]. Hence, the generally high prevalence of T. gon

dii in wild animals suggests that transmission from wild ani-
mals via consumption of raw or undercooked meat or direct 
contact with wild animals may be the main route of human 
infections.

B. microti can infect a variety of animal species, but the reser-
voir competence of numerous wildlife hosts in Korea is not 
well known. B. microti or B. microti-like infection has been ob-
served in other widespread mammalian species of the eastern 
Unites States, such as short-tailed shrews [30], eastern cotton-
tail rabbits, eastern chipmunks [31], raccoons [32], and foxes 
[33]. In Korea, B. microti infection has been reported in wild 
raccoon dogs [7] and small wild mammals [12]. However, the 
present results represented the first detection of B. microti infec-
tion in Chinese water deer (5.4%, 2/37) and Eurasian badgers 
(66.7%, 2/3). Thus, B. microti has been recognized as a geneti-
cally various species complex that consists of several clusters. 

Fig. 2. Phylogenetic relationships among Toxoplasma gondii species and genotypes according to neighbor-joining analysis with maxi-
mum composite likelihood distance correction, implemented with MEGA (version 6), using a fragment from the partial GRA6 gene. Se-
quences of other T. gondii isolates and genotypes were obtained from GenBank (accession numbers are indicated in parentheses). The 
genotype of 0809-32 in this study was type I.

Table 1. Positive number of serologic and molecular detection for 
T. gondii and B. microti in wild animals    

Wild animal species No.
T. gondii B. microti

 ELISA (%) PCR (%) PCR (%)

Chinese water deer 37  4 (10.8) 1 (2.7) 2 (5.4)
Raccoon dog 23 1 (4.3) - -
Roe deer 6  1 (16.7) - -
Wild boar 1 - - -
Eurasian badger 3 - - 2 (66.7)
Total 70 6 (8.6) 1 (1.4)    4 (5.7)
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Analysis of B. microti genes showed sequence variations from 
geographically distant areas, such as Kobe (Japan), Hobetsu 
(Japan), G1 (USA), Gray (USA), and HK (Germany) [11].

Phylogenetic reconstruction based on 18S rRNA and ß-tu-
bulin sequence data of 4 B. microti-positive samples showed 
that all positive samples of 18S rRNA (0809-26, 0809-62, 
0809-64, and 0809-69) were most similar to the US-type B. 
microti (Fig. 3A). In addition, the ß-tubulin sequence in our 
positive samples was strongly related to those previously re-

ported in Korea and Russia (Fig. 3B). Similar to the results for 
18S rRNA, ß-tubulin sequence analysis showed that B. microti 
detected in small mammals in Korea most closely aligned with 
the US-type strain. Furthermore, US-type B. microti is com-
monly distributed among small wild mammals in China and 
Russia [11]. Therefore, our report shows that the US-type of B. 
microti in Korea may distribute in wild animals, and that both 
small and large zoonotic mammals can be reservoirs of B. mi
croti, facilitating maintenance of the pathogen in nature. More-

Fig. 3. Phylogenic relationships among Babesia species and genotypes according to neighbor-joining analysis with maximum compos-
ite likelihood distance correction, implemented with MEGA (version 6), using a fragment of the partial 18S rRNA (A) and ß-tubulin (B) se-
quences of Babesia microti. Sequences of other Babesia species and genotypes were obtained from GenBank (accession numbers are 
indicated in parentheses). All positive isolates of B. microti are identified as the Gray (US-type).
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over, ixodid ticks can transmit the pathogen to zoonotic and 
domestic hosts, and incidentally to humans [30]; thus, further 
studies are needed to identify the specific tick species involved 
in its transmission. 

One of the main limitations of the present study is that 
these data may not be representative of the overall prevalence 
of T. gondii and B. microti infections in wild animals of Korea 
because of insufficient sample numbers and the limited study 
area. However, in spite of these limitations, this is the first re-
cord of T. gondii and B. microti infections in wild animals, in-
cluding Chinese water deer, raccoon dog, roe deer, and Eur-
asian badger, inhabiting a mountainous region of Gangwon-
do, as detected by serological and molecular screening. Geno-
typing of the T. gondii isolate revealed a type I genotype, 
whereas B. microti more closely aligned with the US-type. To 
our knowledge, this is the first report of B. microti detected in 
Chinese water deer and Eurasian badgers from Korea. These 
results suggested that these species might serve as an impor-
tant reservoir for the transmission of T. gondii and B. microti, 
highlighting the need for closer monitoring of zoonotic infec-
tions in wild animals of Korea. 
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